Echo (NRSE) spectrometers, which allow performing controlled manipulations of the beam polarization. We report on the design and test of a new type of RFSF which originality lies in the new manufacturing technique for the static coil. The largely automated procedure ensures reproducible construction as well as an excellent homogeneity of the neutron magnetic resonance condition over the coil volume. Two salient features of this concept are the large neutron window and the closure of the coil by a µ-metal yoke which prevents field leakage outside of the coil volume. These properties are essential for working with large beams and enable new applications with coils tilted with respect to the beam axis such as neutron Larmor diffraction or the study of dispersive excitations by inelastic NRSE.
I. INTRODUCTION
Neutron Spin Echo (NSE) is a well-known scattering technique that allows exploring structural and magnetic dynamics in soft and condensed matter with sub-µeV energy solenoid producing a static magnetic field and a radio-frequency coil responsible for the high-frequency magnetic field. The fine details of the dynamics in the sample are directly encoded in the beam polarization that is determined by an analyzer-detector unit. The spin manipulation device must consequently operate in a way that it preserves as much as possible the information contained in the neutron spin phase. Thus, the construction of coils delivering stable and homogenous magnetic fields over large volumes is one of the challenges in NRSE instrumentation. We describe its experimental characterization in section IV and deliver our conclusions and outlook in section V. 
II. THE RESONANT π-FLIP
where the Rabi frequency is given by
with f 0 = γ n B 0 and f 1 = γ n B 1 the Larmor frequencies associated with the fields B 0 and B 1 respectively, through the neutron gyromagnetic ratio γ n = 2.916 kHz · G −1 , and t f is the time over which the oscillating field is applied. Because neutrons are moving in the field, t is by definition the neutron time-of-flight through the RFSF, that is t f = d/v with d the coil thickness and v = h/(m n λ) the neutron velocity, where h is the Planck constant and m n the neutron mass.
When the resonance condition f rf = f 0 is fulfilled, the probability P ±∓ oscillates in time between zero and unity while the Rabi frequency boils down to
means that in the rotating coordinate system of B 
one obtains a perfect mirroring of the incoming neutron polarization with respect to B 1 From equation 1, one can obtain an expression for the spin projection σ z in the coordinate system defined by the relevant quantization axis of the problem, i.e. the unit vector directed parallel to B 0 that we define to be along the z-direction:
where max is the maximum flipping efficiency and the Lorentzian function L depends solely on the field amplitudes and oscillating frequency. In Eq. 4, λ appears explicitely and, because we are in general dealing with polychomatic beams, the effect of a wavelength distribution has to be accounted for. For the sake of simplicity, it is described by means of a Gaussian distribution of FWHM δλ centered around the average value λ 0 , yielding
Inspecting equation 5, it appears that it is possible to model the effect of static field inhomogeneities by expanding L in Taylor series up to second order in ∆f 0 = γ n ∆B 0 , as
where the linear term is canceled due symmetry. Eq. 6 contains the leading terms in ∆f 0 . Treating the cosine term of equation 5 is not necessary because it yields only 4 th (and higher) order terms that can be safely neglected. From these considerations, we see that measuring σ z as a function of the static field B 0 is an appropriate test of the flipper quality.
This approach will be used in section IV for characterizing quantitatively the properties of the new coil concept 22 .
III. COIL DESIGN
The body of the B 0 coil consists of a hollow, squared cylinder of AlMgSi with the dimen- B 0 coils which were produced as prototypes to test the newly applied coil concept. Figure   2 c further illustrates the design described above.
IV. COIL CHARACTERIZATION
The experiment we realized to test the performances of the RFSF was performed at the instrument RESEDA, where the beam polarization is prepared and analyzed by a pair of supermirror-based V-cavities 23 . We have used a wavelength spectrum centered around The B 0 coil is fed by a static 150 V current supply (FUG NTN14000) whereas the RF coil The flipping efficiency is defined as = | σ z |/P 0 , where P 0 is the polarization of the incident neutron beam, including the finite efficiency of the polarization analyzer. Figure   4 shows a typical (f 0 ) measurement. In order to extract all informations allowing to quantitatively characterize the B 0 -coil, the model equation 5 under the approximation 6 is fitted to the resonance curves measured at all points across the surface.
From the fitting procedure, we obtain the maximum flipping efficiency max . In table I, we display the average value of max and its standard deviation over the coil surface. We observe that the polarization efficiency is almost constant over the full coil cross section. For 67.8 ≤ f rf ≤ 168.1 kHz, the polarizing efficiency lies close to 1, the maximal achievable value under both resonance and π-flip conditions. This readily shows that the newly designed RFSF offer high performances. We note that at the lowest explored frequency (f rf = 37.5 kHz), a small drop of is evidenced. This is not linked with a misfunction of the coil but originates from the fact that we work with a linearly oscillating field. In the early stages of the development of the magnetic resonance technique, F. Bloch and A. Siegert 25 described a shift of the resonance frequency when a non-circular field is used and when the limit f 1 f 0 is violated.
In the case of a RF neutron spin flipper, this translates into a drop of the flipping ratio a low f rf which evolves roughly as 1 − f Additionally to the flipping efficiency, the homogeneity of B 0 along the neutron path ∆f 0 /f 0 | long. is derived from the fit. This parameter is actually the expansion variable ∆f 0 appearing in Eq. 6. In table I, we give an account for the average static field deviation experienced by the throughgoing neutrons devided by the average value for f 0 . Similar to max , its evolution as a function of the RF field frequency is entirely controlled by the Siegert-Bloch shift ( figure 5) .
Finally, the homogeneity of B 0 across the coil surface can also be inferred from the position of the flipping maximum at fixed RF field frequency. This quantity is retrieved by letting the parameter f rf in Eq. 5 float. As a figure of merit, we employ the observed normalized standard deviation ∆f 0 /f 0 | trans. defined as
where n = 56 is the number of measured points in the (x, z)-plane, f We note that the finite accuracy of the positioning of the current going through the B 0 -coil could hinder the proper determination of ∆f 0 /f 0 | long. and ∆f 0 /f 0 | trans. by artificially broadening the resonance curve. However, the stability of the power supply being of the order of ∆ sys I ∼ 5 mA (that is ∆ sys f 0 ∼ 40 Hz), we find that this effect is in fact negligible (gray-shaded region in figure 5 ).
Taken together, the experimental results suggest that the coil works properly owing to the fact that the observed drop (increase) in flipping efficiency (field inhomogeneity) towards small RF field frequencies can be accounted for using very general arguments.
During the course of a recent experiment, we have installed a pair of newly designed RF coils in the first arm of the instrument (figure 6). The critical dynamics of Mn 1−x Fe x Si alloys was studied with sub-µeV resolution 26 by employing the MIEZE-SANS technique 27 . The neutron Larmor diffraction mode has also been tested by using the same setup. Taking λ = 3
A, which is the shortest wavelength accessible at the instrument, one obtains a maximum phase of ϕ 3.6 · 10 4 and a theoretical resolution ∆d/d of the order of 2.8 · 10 −6 . This value is at least one order of magnitude better than what can be obtained with conventional neutron diffractometers 28, 29 . The measurement of the thermal expansion curve of a pure Ge 
V. SUMMARY AND OUTLOOK
We showed that the new coil concept provides a homogenous and stable static magnetic field. The observed results lead to our conclusion that, even when the incidence angle of the coil becomes large with respect to the optical axis of the instrument, an excellent flipping efficiency shall be obtained. The homogeneity of this coil concept, which is widely based on the automated coil production process, favour the use of this advanced design for upgrading existing cold neutron based NRSE spectrometers or constructing new versatile instruments, for instance at the European Spallation Source. However, we insist that at any NRSE beamline, the actually available flipper efficiency can only be as high as the quality of the polarization transport through the whole setup. It means that efforts on the design of the magnetic screening of the neutron flight path throughout the instrument can not be avoided, as it is a very important parameter that eventually limits the achievable time (or energy)
resolution. This is particularly true in the case of long NRSE/MIEZE spectrometers. 
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